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ABSTRACT : PURPOSE: To enable writing of servo information with the accuracy higher than that in 
the present state. 

CONSTITUTION: Pits 14 as nonmagnetic regions are arranged at intervals in a data track 
width direction in a servo information regton 10 of a magnetic film F formed on a substrate 
S. Magnetic signal regions 15 where the servo information is magnetically recorded are so 
formed between the adjacent pits 14 as to arrive at the pits 14. Both edges in the data 
track width direction of the magnetic signal regions 1 5 are formed by the pits 1 4. As a 
result, the writing of the servo infomiation on a magnetic disk with the higher accuracy 
than heretofore is possible and the track follow-up accuracy of the magnetic head is 
improved. 
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* NOTICES * 
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1 .This document has been translated by computer. So the translation may not reflect the original 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the magnetic-recording medium by which it has the magnetic film formed on the base 
material, and two or more data tracks, the servo information field where servo information is 
recorded, and the data area where data are recorded magnetically are formed in the magnetic film 
Said servo information field includes two or more nonmagnetic fields which set spacing in the 
direction which intersects perpendicularly with said data tracks, and have been arranged in it. 
Moreover, in the field between these nonmagnetic fields The magnetic-recording medium 
characterized by it being possible to record said servo information magnetically as arriving at said 
nonmagnetic field. 

[Claim 2] The magnetic-recording medium according to claim 1 by which said nonmagnetic field is 
formed of the bore formed in said magnetic film, or the hollow. 

[Claim 3] The magnetic-recording medium according to claim 1 or 2 by which said two or more 
nonmagnetic fields two or more trains arrangement is carried out in said direction of data tracks, and 
the train of said nonmagnetic field carries out [ fields ] a group to said train about each of said data 
tracks, respectively are alternately arranged in said direction of data tracks. 

[Claim 4] The magnetic-recording medium according to claim 1 to 3 which can generate the position 
error signal of two or more magnetic heads with which phases differ about each of said data tracks 
using said servo information for which two or more trains arrangement is carried out, and the train of 
said nonmagnetic field was magnetically recorded in said direction of data tracks by the field 
between said nonmagnetic fields. 

[Claim 5] The magnetic-recording medium according to claim 1 to 4 by which said nonmagnetic 
field is formed so that said servo information field can record the servo information on n (n is 
positive integer) phase and may generate the servo information for m (m is positive integer and 
m<=n) phase about each of said data tracks. 

[Claim 6] The magnetic-recording medium according to claim 1 to 4 currently formed so that said 
nonmagnetic field may generate two or more position error signals which show the position error of 
the magnetic head about each of said data tracks. 

[Claim 7] The magnetic-recording medium according to claim 6 by which the phase of two or more 
of said position error signals is generated by shifting mutually about each of said data tracks. 
[Claim 8] The magnetic-recording medium according to claim 1 to 7 from which said data-tracks lay 
length of said nonmagnetic field is changing along the direction which intersects perpendicularly 
with said data tracks. 

[Claim 9] The magnetic-recording medium according to claim 3 to 8 by which said nonmagnetic 

field which adjoins in said direction of data tracks mutually is connected mutually. 

[Claim 10] A magnetic-recording medium according to claim 1 to 9 with the larger lay length which 

intersects perpendicularly with said data tracks of said nonmagnetic field than the pitch of said data 

tracks. 

[Claim 11] The magnetic-recording medium according to claim 1 to 10 whose information which 
said servo information field includes the information field for a synchronization where the 
information for a synchronization is recorded, the information field for the addresses where the 
information which shows the address is recorded, and the information field for follow-up control 
where the information which controls the flattery to said data tracks of the magnetic head is 
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recorded, and is magnetically recorded on the field between said nonmagnetic fields is said control 
information for flattery. 

[Claim 12] The magnetic-recording medium according to claim 1 1 by which either [ at least ] said 
information for a synchronization or said information for the addresses is recorded by the 2nd 
nonmagnetic field formed in said magnetic film. 

[Claim 13] The magnetic-recording medium according to claim 12 by which said 2nd nonmagnetic 
field is formed of the bore formed in said magnetic film. 

[Claim 14] The magnetic-recording medium according to claim 1 to 13 whose pitch of said data 
tracks is 1 micrometer or less. 

[Claim 1 5] A magnetic-recording medium [ equipped with the mark for positioning observable fi-om 
the exterior used as the criteria of positioning ] according to claim 1 to 14. 

[Claim 16] The magnetic recording medium characterized by coming to have a magnetic-recording 
medium according to claim 1 to 15, the spindle fix the magnetic-recording medium concerned and 
you are made to rotate, and the magnetic head which reproduces the data which recorded data on 
said magnetic-recording medium, and were recorded on it. 

[Claim 17] The magnetic recording medium according to claim 16 with which said magnetic- 
recording medium equips the field between said nonmagnetic fields with the magnetic signal field 
which recorded said servo information magnetically. 

[Claim 18] The magnetic recording medium according to claim 17 with which said servo 
information is reproduced using the edge of said magnetic signal field formed of said nonmagnetic 
field. 

[Claim 19] The magnetic recording medium according to claim 16 to 18 with which said 
nonmagnetic field which adjoins in said direction of data tracks of said magnetic-recording mediimi 
mutually, and said magnetic signal field are connected mutually, respectively. 
[Claim 20] It is the magnetic recording medium according to claim 16 to 19 which adjusts these 
magnetic-recording medium in a spindle using said mark for positioning, and is being fixed by 
having two or more said magnetic-recording media which have said mark for positioning. 
[Claim 21] The magnetic recording medium according to claim 16 to 20 which is equipped with two 
or more said magnetic-recording media, and is further equipped with the actuator for jogging which 
makes said magnetic head prepared about each of these magnetic-recording medium move slightly in 
the direction which intersects perpendicularly with said data tracks that the location gap between 
each the fields of nonmagnetic [ said ] of these magnetic-recording medium should be amended. 
[Claim 22] The 1st process which is the process of a magnetic recording medium according to claim 
16, and produces a magnetic-recording medium according to claim 1 to 15 using optical lithography 
and an etching technique. The 2nd process which assembles said magnetic-recording medium with 
said spindle and said magnetic head. The process of the magnetic recording medium characterized 
by coming to have the 3rd process which impresses a field to the magnetic film of said magnetic- 
recording medium, and writes said servo information in said servo information field using the 
magnetic head for writing with the larger width of recording track than the pitch of said data tracks. 
[Claim 23] A process including the process fi-om which the process which writes in said servo 
information impresses a uniform field, and eliminates the information on the whole surface of said 
magnetic film, and the process which writes said servo information in said magnetic film while 
detecting the location of said nonmagnetic field using the magnetic flux generated fi-om said 
magnetic film after elimination according to claim 22. 

[Claim 24] The process according to claim 22 which does not include the process fi-om which the 
process which writes in said servo information eliminates the information on the whole surface of 
said magnetic film including the process which writes said servo information in said magnetic film 
while detecting the location of said nonmagnetic field. 

[Claim 25] The process according to claim 22 to 24 to which the process which writes in said servo 
information impresses the letter MAG signal of a burst to said magnetic film, and is carried out. 
[Claim 26] The process according to claim 22 to 25 in which said servo information is written 
synchronizing with the arrangement situation of said nonmagnetic field of said direction of data 
tracks. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a magnetic recording medium with an outstanding 
truck flattery precision constituted using the magnetic-recording medium by which servo 
information was written in the data surface, and its magnetic-recording medium, and its process, if it 
says in more detail about a magnetic-recording medium, a magnetic recording medium, and its 
process. 
[0002] 

[Description of the Prior Art] The magnetic disk drive of the so-called "data surface servo" method 
writes the servo information for making the magnetic head follow the request data tracks of a 
magnetic disk in the data surface of a magnetic disk. With the magnetic disk used for this method, 
two or more servo sectors with which servo information is recorded on that data surface, and two or 
more data sectors which record data are arranged by turns (for example, refer to JP,55-20302,B). 
[0003] In this conventional seed magnetic disk drive, after assembling each component, such as a 
magnetic disk, a spindle, and the magnetic head, the servo track writer (STW) is used for record, i.e., 
a "physical format", of the servo information on a magnetic disk, and it is performed. That is, the 
spindle which fixed the magnetic disk is rotated, and servo information is written in the data surface 
of a magnetic disk by the magnetic head for writing, measuring a location from the exterior in the 
condition. 
[0004] 

[Problem(s) to be Solved by the Invention] By said conventional format approach, while the write-in 
activity of servo information is comparatively easy, in order that a write-in precision of servo 
information may be dependent on the mechanical precision and the property which the magnetic disk 
drive itself has, there is a problem that a limitation is in a write-in precision. This problem is 
explained using drawing 17 . 

[0005] Drawing 1 7 shows typically the gap of the truck center line (target position) produced 
between two servo sectors belonging to data tracks with a magnetic disk. In drawin g 15 , the location 
of the truck center line 111 of a No. k servo sector is prescribed by magnetic signal field 101a of the 
pair arranged alternately at the both sides of the center line 111. Similarly, the location of the truck 
center line 1 12 of a watch (k+x) servo sector is prescribed to the both sides of the center line 1 12 by 
magnetic signal field 101b of the pair arranged alternately. The magnetic head data logging / for 
playback reads the servo information (truck flattery information) recorded on the magnetic signal 
fields 101a or 101b of a pair, is positioned on a center line 1 1 1 or 1 12, and follows center lines 111 
or 112. 

[0006] As shown in drawing 15 , deflection e has arisen between the truck center line 111 of a No. k 
sector, and the truck center line 1 1 2 of a watch (k+x) sector. Therefore, a gap arises in the target 
position of the magnetic head in the case where it is positioned using the case where it is positioned 
using the servo information on a No. k sector, and the servo information on a watch (k+x) sector. 
[0007] In case said deflection e writes in the magnetic signal fields 101a and 101b, it is produced 
with minute vibration or eccentricity of the rolling mechanism of a magnetic disk, or the migration 
device of the magnetic head etc. For this reason, as long as the aforementioned physical format 
approach is adopted, a write-in precision of servo information cannot be improved beyond the 
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mechanical precision of that magnetic disk drive. 

[0008] Fluctuation of a target position is produced according to a property, an error, etc. of magnetic 
recording. For example, by the magnetic head, the edges 102a and 102b of the magnetic signal fields 
101a and 101b formed in a magnetic film originate in the grain boundary structure in a magnetic film 
etc., and do not necessarily become linear, but irregularity exists somewhat. For this reason, that 
flattery tends to become inaccurate, when Edges 102a and 102b are detected and the magnetic head 
follows as mentioned above. 

[0009] Furthermore, the lobe 103 of a magnetic signal field like drawing 15 may be formed in the 
edges 102a and 102b of the magnetic signal fields 101a or 101b by a certain cause. In this case, also 
by this lobe 103, a target position is changed and flattery of the magnetic head serves as 
incorrectness. 

[0010] As mentioned above, in the conventional magnetic disk drive, there is a problem that it is 
difficult to improve a write-in precision of servo information rather than the present condition. 
[001 1] Then, the purpose of this invention is to offer the magnetic -recording medium which can 
write in servo information in a precision higher than the present condition. 

[0012] Other purposes of this invention have the flattery precision of the magnetic head in offering a 

magnetic recording medium better than before and its process. 

[0013] 

[Means for Solving the Problem] 

The magnetic-recording medium of this invention is equipped with the magnetic film formed on the 
base material. (1) Two or more data tracks [ magnetic film / that ], In the magnetic-recording 
medium by which the servo information field where servo information is recorded, and the data area 
where data are recorded magnetically are formed Said servo information field includes two or more 
nonmagnetic fields which set spacing in the direction which intersects perpendicularly with said data 
tracks, and have been arranged in it. Moreover, in the field between these nonmagnetic fields It is 
characterized by it being possible to record said servo information magnetically as arriving at said 
nonmagnetic field. 

[0014] Said nonmagnetic field is preferably formed of the bore or hollow formed in said magnetic 
fihn. 

[0015] Said two or more nonmagnetic fields two or more trains arrangement is carried out in said 
direction of data tracks, and the train of said nonmagnetic field carries out [ fields ] a group to said 
train about each of said data tracks preferably, respectively are altemately arranged in said direction 
of data tracks. 

[0016] The position error signal of two or more magnetic heads with which phases differ is made 
generable about each of said data tracks using said servo information for which two or more trains 
arrangement was carried out, and the train of said nonmagnetic field was preferably recorded 
magnetically in said direction of data tracks by the field between said nonmagnetic fields. 
[0017] When said servo information field can record the servo information on n (n is positive 
integer) phase, it is desirable that said nonmagnetic field is formed about each of said data tracks so 
that the servo information for m (m is positive integer and m<=n) phase may be generated. Said 
nonmagnetic field may be formed so that two or more position error signals which show the position 
error of the magnetic head may be generated about each of said data tracks. In this case, it is 
desirable that the phase of two or more of said position error signals shifts mutually, and is generated 
about each of said data tracks. 

[0018] Even if said data-tracks lay length of said nonmagnetic field is changing along the direction 
which intersects perpendicularly with said data tracks, it does not need to be changing. When 
changing, it is possible to generate the position error signal of the magnetic head based on change of 
the die length. 

[0019] You may be carrying out mutually- independent [ of said nonmagnetic field which adjoins in 
said direction of data tracks mutually ], and it may be connected mutually. When connected 
mutually, in case said servo information is written in, there is an advantage that it is unnecessary to 
detect said nonmagnetic field. 

[0020] Lay length which intersects perpendicularly with said data tracks of said nonmagnetic field 
can be made larger than the pitch of said data tracks. In this case, it becomes possible to make the 



http ://www4. ipdl . ncipi . go .jp/cgi-bin/tran_web_cgi_ej j e 1 2/6/2005 



a J 



THIS BLANK (uspto) 



JP,07-065363,A [DETAILED DESCRIPTION] 



Page 3 of 11 



pitch of said data tracks small, without being dependent on said die length of said nonmagnetic field. 

[0021] Said servo information field usually includes the information field for a synchronization 
where the information for a synchronization is recorded, the information field for the addresses 
where the information which shows the address is recorded, and the information field for follow-up 
control where the information which controls the flattery to said data tracks of the magnetic head is 
recorded. In this case, it is desirable to make into said control information for flattery information 
magnetically recorded on the field between said nonmagnetic fields. 

[0022] In this case, it is desirable that either [ at least ] said information for a synchronization or said 
information for the addresses is recorded by the 2nd nonmagnetic field formed in said magnetic film. 
It becomes unnecessary to write in magnetically said information for a synchronization and said 
information for the addresses. 

[0023] As for said 2nd nonmagnetic field, it is desirable to be formed of the bore formed in said 
magnetic film. Said 2nd nonmagnetic field can be formed at the same process as said nonmagnetic 
field. 

[0024] As for the pitch of said data tracks, it is desirable to be referred to as 1 micrometer or less. 
[0025] It is desirable to have the mark for positioning observable fi-om the exterior used as the 
criteria of positioning. Those alignment becomes easy in case two or more these magnetic-recording 
media are fixed to a spindle. 

[0026] (2) It is characterized by the magnetic recording medium of this invention coming to have 
either of the magnetic-recording media given in the above (1), the spindle fix the magnetic-recording 
medium concerned and you are made to rotate, and the magnetic head which reproduces the data 
which recorded data and were recorded by said magnetic-recording medium. 
[0027] As for said magnetic-recording medium, it is desirable to equip the field between said 
nonmagnetic fields with the magnetic signal field which recorded said servo information 
magnetically. In this case, as for said servo information, it is desirable to be reproduced using the 
edge of said magnetic signal field formed of said nonmagnetic field. 

[0028] Being connected is desirable, although said nonmagnetic field which adjoins in said direction 
of data tracks of said magnetic-recording medium mutually, and said magnetic signal field may be 
independent even if they are connected mutually, respectively. If connected, in case said servo 
information will be written in, it becomes unnecessary to detect the location of said nonmagnetic 
field. 

[0029] When it has two or more said magnetic-recording media and these magnetic-recording 
medium has the mark for positioning, as for these magnetic-recording medium, it is desirable to be 
had consistency and fixed to said spindle using said mark for positioning. 

[0030] When it has two or more said magnetic-recording media, it is desirable to have the actuator 
for jogging which makes said magnetic head prepared about each of these magnetic-recording 
medium move slightly in the direction which intersects perpendicularly with said data tracks that the 
location gap between each the fields of nonmagnetic [ said ] of these magnetic-recording medium 
should be amended. Even if the fixed position of two or more of said magnetic-recording media does 
not have consistency, the location gap can be amended easily. 

[0031] (3) The process of the magnetic recording medium of this invention The 1st process which is 
the process of a magnetic recording medium given in the above (2), and produces one magnetic- 
recording medium of the publications to the above (1) using optical lithography and an etching 
technique. The 2nd process which assembles said magnetic-recording medium with said spindle and 
said magnetic head. Using the magnetic head for writing with the larger width of recording track 
than the pitch of said data tracks, a field is impressed to the magnetic film of said magnetic-recording 
medium, and it is characterized by coming to have the 3rd process which writes said servo 
information in said servo information field. 

[0032] The process which writes in said servo information includes the process which impresses a 
uniform field and eliminates the information on the whole surface of said magnetic film preferably, 
and the process which writes said servo information in said magnetic film while detecting the 
location of said nonmagnetic field using the magnetic flux generated fi-om said magnetic film after 
elimination. 
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[0033] On the other hand, the process which writes in said servo information does not need to 
include the process which ehminates the information on the whole surface of said magnetic film 
including the process which writes said servo information in said magnetic film, detecting the 
location of said nonmagnetic field. 

[0034] As for the process which writes in said servo information, it is desirable to be carried out by 
impressing the letter MAG signal of a burst to said magnetic film. 

[0035] As for said servo information, it is desirable to be written in synchronizing with the 

arrangement situation of said nonmagnetic field of said direction of data tracks. 

[0036] 

[Function] By the magnetic-recording medium of this invention, since the edge of the field where 
servo information is recorded magnetically is formed of a nonmagnetic field, if that nonmagnetic 
field is formed in a request configuration, said edge can be made into the configuration of having 
been suitable for read-out of servo information, and a magnetic projection will not arise on said edge. 
Therefore, said servo information is read using said edge, and if the magnetic head data logging / for 
playback is positioned on said selected data tracks, the positioning and flattery will become very 
exact. 

[0037] Moreover, said nonmagnetic field can be formed very with high precision by imprinting to a 
magnetic film using the mask which formed the pattem of a nonmagnetic field in high degree of 
accuracy. Consequently, it is possible to write in servo information in a very high precision, without 
being dependent on the mechanical precision and the property of a magnetic recording medium. 
[0038] Since the magnetic recording medium of this invention is equipped with the magnetic- 
recording medium by which servo information was written in in a very high precision, positioning 
and its flattery of the magnetic head through which it passes on request data tracks will become very 
exact. Consequently, truck flattery precision can be raised more sharply than before. 
[0039] In the process of the magnetic recording medium of this invention, since said servo 
information is written in using the magnetic head for writing with the larger width of recording track 
than the pitch of said data tracks after producing said magnetic-recording medium using optical 
lithography and an etching technique, said magnetic recording medium can be manufactured easily. 
[0040] 

[Example] Hereafter, the example of this invention is explained based on an accompanying drawing. 
[0041] [1st example of magnetic-recording medium] drawing 1 , and 2 and 6 show the 1st example 
of the magnetic-recording medium of this invention. As shown in drawing 6 , two or more data 
tracks are formed in concentric circular at the data surface of the magnetic film for data logging of 
this magnetic disk 1 . This data surface is divided into two or more data sectors 2 formed at equal 
intervals, each data sector 2 is adjoined and the servo sector 3 is formed. That is, along with data 
tracks, the data sector 2 and the servo sector 3 are arranged by turns at the data surface. The servo 
information field 10 is formed in each servo sector 3 for every data tracks. 

[0042] In drawing 6 , in order to simplify, only the No. n data tracks 4 and watch (n+x) data tracks 
are drawn, and other data tracks are omitted. The servo information about each data sector 2 of the 
No. n truck 4 is written in each servo information field 10 of the No. n truck 4 which adjoins these 
data sector 2. (n+x) The same is said of watch data tracks. 

[0043] When the servo information on two phases or the polyphase beyond it is recorded on the 
servo information field 10, it is necessary to establish the servo information field 10 in no servo 
sectors 3 belonging to each of data tracks. For example, about the No. n truck 4, the servo 
information field 10 may be established in two or more servo sectors 3 along the truck 4 every other 
piece, and the servo information field 10 may be established in the servo sector 3 in which the servo 
information field 10 of the No. n truck 4 is not established every other piece about the watch (n+x) 
truck 5. 

[0044] Drawing 1 (a) shows the whole servo information field 10 configuration of the servo sector 3 
of drawin g 6 , and drawing 1 (b) and drawing 1 R> 1 (c) show the cross section which met the A-A 
line of drawing 1 (a). 

[0045] As shown in drawin g 1 (a), the servo information field 10 consists of an information field 1 1 
for a synchronization where the information for a synchronization is recorded, an information field 
12 for the addresses where the information which shows the address of the sector is recorded, and an 
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information field 13 for follow-up control where the information which controls positioning and 
flattery to the data tracks of data logging / magnetic head for playback is recorded. 16 shows the 
center line of the data tracks of the data sector 2 which adjoins the servo information field 10 
concerned. 

[0046] The information for follow-up control is recorded by the magnetic signal field 15 of the 
rectangle formed crosswise [ data-tracks ] (direction which intersects perpendicularly with data 
tracks if it puts in another way) at the magnetic film F between the pit 14 of two or more rectangles 
formed in the magnetic film F at equal intervals, and the adjoining pit 14 in this example. Here, two 
trains of trains of a pit 14 and the magnetic signal field 15 are arranged crosswise [ data-tracks ], and 
each pit 14 of 1st train 13a has shifted crosswise [ data-tracks ] to each pit 14 of 2nd train 13b. 
[0047] Each pit 14 has a rectangle cross section as shown in drawing 1 (b), or a parabolic edge 
section as shown in drawing 1 (c). That is, this magnetic disk is equipped with Substrate S and the 
magnetic film F formed on it, and is constituted, and the magnetic film F and Substrate S are 
removed altematively in the part in which each pit 14 is formed. The pars basilaris ossis occipitalis 
of each pit 14 penetrated the magnetic film F, and has attained it to the interior of Substrate S. For 
this reason, the part in which the pit 14 is formed serves as a nonmagnetic field. If the part serves as 
a nonmagnetic field, it is sufficient for the depth of a pit 14, for example, it is set to 50nm or more. 
[0048] Each magnetic signal field 15 is formed in the field between the adjoining pits 14, and the 
truck lay length is short rather than that of a pit 14. The letter signal of a burst with a fi-equency of 
several kHz - several MHz is magnetically written in each magnetic signal field 15. 
[0049] As shown in a detail at drawing 2 , each width of face (the die length of the data-tracks cross 
direction) of each pit 14 of 1st train 13a and 2nd train 13b is Pw, and the pitch of data tracks is Tp. 
Here, a track pitch Tp is equal to (one half) of the pit width of face Pw. To the pit 14 and the 
magnetic signal field 15 of 2nd train 13b, crosswise [ data-tracks ] (the vertical direction), the pit 14 
and the magnetic signal field 15 of 1st train 13a are a track pitch Tp (1/2), namely, only the pit width 
of face Pw shifts and they are arranged. Therefore, each magnetic signal field 15 of 1st train 13a is 
located between two magnetic signal fields 15 where 2nd train 13b adjoins. 

[0050] Although width of face of the direction of a truck of each magnetic signal field 15 is made 
narrower than the width of face of the direction of a truck of each pit 14 in this example, it is because 
this becomes easy to detect information at the time of playback, 

[0051] The information for a synchronization is recorded by two slots 17 which extend crosswise 
[ data-tracks ] as shown in drawing 1 (a). The information for the addresses is recorded by three slots 
18 where the die length prolonged crosswise [ data-tracks ] differs. These slots 17 and 18 have the 
cross section shown in drawing 1 (b) or drawing 1 (c) as well as a pit 14. The depth of these slots 17 
and 18 is also set to 50nm or more. In addition, without forming slots 17 and 18, a magnetic signal 
may be recorded on a magnetic film F, and the magnetic signal field of the same pattem as slots 17 
and 1 8 may be formed. 

[0052] The group of the one magnetic signal field 15 of 1st train 13a and one magnetic signal field 
15 of 2nd train 13b which have been alternately arranged to the center line 16 of each data tracks 
offers the information for follow-up control on the magnetic head. That is, as shown in drawing 2 , 
bottom edge 15a of the magnetic signal field 15 of 1st train 13a and top edge 15a of the magnetic 
signal field 15 of 2nd train 13b specify the location of the truck center line 16 of the data tracks 
concerned. The magnetic head data logging / for playback is positioned on the data tracks concerned 
on the basis of both [ these ] edge 15a, and follows the data tracks concerned. 
[0053] the wave which shows the position error signal of the magnetic head to drawing 2 in this 
example — it has 19. If the magnetic head is correctly located on the data-tracks center line 16, a 
position error signal will show 0 and the magnetic head will shift crosswise [ data-tracks ] (the upper 
part or lower part) so that drawin g 2 may show, in connection with it, a position error signal will 
change in the direction of + or -. Therefore, if feedback control is carried out so that a position error 
signal may always be set to 0, the magnetic head can be positioned correctly and can be made to 
follow on the data-tracks center line 16, 

[0054] Compared with the conventional precision which forms the same pattem as a pit 14 by 
magnetic recording with this magnetic disk since the pit 14 which belongs to two trains 13a and 13b 
like the after-mentioned is formed by optical lithography and the etching technique, the 
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configuration of a pit 14 and the precision of arrangement are very high. Since vertical both edge 15a 
of each magnetic signal field 15 is formed of edge 14a of on a pit 14 or the bottom, it is the shape of 
a straight line parallel to the truck center line 16 very correctly, and there is also no possibility that 
the lobe of the irregularity which moreover originates in the irregularity of magnetization of a 
magnetic film F like before, or a magnetization field may exist. For this reason, the magnetic head 
becomes possible [ being correctly positioned by the data- tracks center line 16 top ]. 
[0055] as a result of checking this point by experiment, the deflection of the several kHz - about 
tenkHz component resulting fi-om a mechanical property etc. included in a position error signal was 
markedly alike compared with the conventional case, and small. Moreover, fluctuation of the edge of 
the magnetic signal field of the truck cross direction was lost. 

[0056] Although the configuration of vertical both edge 14a of a pit 14 needs to be a straight line- 
like correctly in order to divide the magnetic signal field 15, the configuration of right-and-left both 
edge 14b of a pit 14 is arbitrary. Moreover, the configuration of right-and-left both edge 15b of the 
magnetic signal field 1 5 is also arbitrary. 

[0057] [2nd example of magnetic-recording medium] drawing 3 shows the 2nd example of the 
magnetic-recording medium of this invention. In addition to the pit 24 and the magnetic signal field 
25 of the same 1st train 23a as the 1st example, and 2nd train 23b, with this magnetic disk, the train 
[ with the same pattern as this / 3rd train 23c and the 23d of the 4th train ] pit 34 and the magnetic 
signal field 35 are arranged to the information field 23 for follow-up control. To the pit 34 and the 
magnetic signal field 35 of 1st train 23a and 2nd train 23b, crosswise [ data-tracks ], 3rd train 23c, 
the pit 34 of the 23d of the 4th train, and the magnetic signal field 35 shift, and are arranged as it is a 
track pitch Tp ((1/2) of the pit width of face Pw) (1/4). 

[0058] Although the configuration of other fields of the servo information field 10, i.e., the 
information field 1 1 for a synchronization and the information field 12 for the addresses, is not 
illustrated, it is the same as the case of the 1st example. 

[0059] The center line 16 of the No. n data tracks of drawing 3 is prescribed by 1st train 23a 
arranged alternately and vertical both edge 25a of the magnetic signal field 25 of 2nd train 23b. In 
this case, 3rd train 23c and the magnetic signal field 25 of the 23d of the 4th train are not used. Like 
n* watch data tracks of drawing 3 , when data tracks shift only (one fourth) of track pitches Tp up to 
a No. n truck and are formed, they replace with the magnetic signal field 25 of 1st train 23a and 2nd 
train 23b, and should just use 3rd train 23c and the magnetic signal field 25 of the 23d of the 4th 
train. 

[0060] Thus, with the magnetic disk of the 2nd example, there is an advantage which can choose and 
use 1st train 23a and 2nd train 23b or 3rd train 23c, and the magnetic signal field 25 of the 23d of the 
4th train. 

[0061] With this magnetic disk, the position error signal wave forms 27a or 27b are acquired by the 
magnetic signal fields 25 or 35. wave 27a and 27b — each ~ a wave — if it is the same as 17, and the 
magnetic head is correctly located on the data- tracks center line 16, a position error signal will show 
0 and the magnetic head will shift crosswise [ data-tracks ], in connection with it, a position error 
signal will change in the direction of + or -. Feedback control of the location of the magnetic head is 
carried out so that one of position error signals may always be set to 0. 

[0062] With this magnetic disk, the magnetic head may be positioned using both magnetic signal 
fields 25 and 35. In this case, two position error signal wave forms 27a and 27b are acquired by the 
magnetic signal fields 25 and 35 at coincidence. Since the phase is shifted mutually only (one fourth) 
of track pitches Tp, as for wave 27a and 27b, the position error signal of "two phases" with which 
only 90 degrees of phases shifted will be acquired. In this case, the advantage that it is necessary to 
establish the servo information field 10 in no servo sectors 3 belonging to each of data tracks arises. 
[0063] Position error signal wave form 27b (27a) may be used as an object for linearity 
compensation of position error signal wave form 27a (27b). 

[0064] [3rd example of magnetic-recording medium] drawing 4 shows the 3rd example of the 
magnetic-recording medium of this invention. With this magnetic disk, the pit 44 and the magnetic 
signal field 45 of the 1st train - the 6th train which have the same pattern as the pit 14 of the 1st 
example and the magnetic signal field 15 in the information field 43 for follow-up control are 
formed. The width of face Pw of these pits is (1/2) of a track pitch Tp. The adjoining pit and the 
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adjoining magnetic signal field of each train are shifted crosswise [ data-tracks ] mutually only (one 
sixth) of track pitches Tp. In drawing 4 , only 1st train 43a, 2nd train 43b, 3rd train 43c, the pit 44 of 
the 43 d of the 4th train, and the magnetic signal field 45 are drawn, and the pit 44 and the magnetic 
signal field 45 of the 5th train and the 6th train are omitted. 

[0065] The location of the center line 16 of n No. 1 data tracks of drawing 4 is prescribed by top 
edge 45a of the magnetic signal field 45 of 1st train 43a, and bottom edge 45a of the magnetic signal 
field 45 of the 43d of the 4th train. The location of the center line 16 of n No. 2 data tracks caudad 
shifted only (one sixth) of track pitches Tp to n No. 1 data tracks is prescribed by the top edge of the 
magnetic signal field 45 of 2nd train 43b, and the bottom edge of the magnetic signal field 25 of the 
5th train which is not illustrated. The location of the center line 16 of n No. 3 data tracks caudad 
shifted only (one sixth) of track pitches Tp to n No. 2 data tracks is prescribed by the bottom edge of 
the magnetic signal field 45 of 3rd train 43c, and the top edge of the magnetic signal field 25 of the 
6th train which is not illustrated. 

[0066] Also about n No. 4 data tracks, n5 No. which is not illustrated, and n No. 6 data tracks, it is 
the same as that of this. That is, the location of the center line 16 of n No. 4 data tracks is prescribed 
by bottom edge 45a of the magnetic signal field 45 of 1st train 43a, and top edge 45a of the magnetic 
signal field 45 of the 43d of the 4th train. The location of the center line (not shown) of n No. 5 data 
tracks caudad shifted only (one sixth) of track pitches Tp to n No, 4 data tracks is prescribed by the 
bottom edge of the magnetic signal field 45 which 2nd train 43b does not illustrate, and the top edge 
of the magnetic signal field 25 of the 5th train which is not illustrated. The location of the center line 
(not shown) of n No. 6 data tracks caudad shifted only (one sixth) of track pitches Tp to n No. 5 data 
tracks is prescribed by the bottom edge of the magnetic signal field 45 which 3rd train 43c does not 
illustrate, and the top edge of the magnetic signal field 25 of the 6th train which is not illustrated. 
[0067] Therefore, what is necessary is just to use the combination of 1st train 43a, the pit 44 of the 
43d of the 4th train, and the magnetic signal field 45 to position the magnetic head on n No. 1 truck. 
What is necessary is just to use the pit 44 of two suitable trains, and the combination of the magnetic 
signal field 45 similarly to position on each data tracks (n2 No., n3 No., n4 No., n5 No. (not shown), 
and n6 No. (not shown)). Thus, according to the location of data tracks, it can be used with the 
magnetic disk of the 3rd example as well as the 2nd example, being able to choose the magnetic 
signal field 45 of each train. 

[0068] With the magnetic disk of this 3rd example, six position error signal wave forms are acquired 
by the magnetic signal field 45 of each train. Although the position error signal wave forms 47a, 47b, 
and 47c about data tracks (nl No., n2 No., and n3 No.) are drawn on dravsdng 4 , the position error 
signal about data tracks (n4 No., n5 No., and n6 No.) also has the same wave. Feedback control of 
the location of the magnetic head is carried out so that one of position error signals may always be 
set to 0. 

[0069] The magnetic head may be positioned using all the magnetic signal fields 45 of six trains. In 
this case, six position error signal wave forms like drawing 4 are acquired by coincidence. Although 
each of these waves has the same configuration as the position error signal wave form 17 of the 1st 
example, since the phase is mutually shifted only (one sixth) of track pitches Tp as wave 47a, and 
47b and 47c show, crosswise [ truck ], the position error signal of "six phases*' with which only 60 
degrees of phases shifted is acquired. 

[0070] So that the 2nd above-mentioned example and this 3rd above-mentioned example may show 
by the magnetic-recording medium of this invention By arranging the train which consists of a pit 
arranged in parallel crosswise [ data-tracks ] and a magnetic signal field in the direction of a suitable 
number and data tracks Like the data tracks n of drawing 3 and n', the data tracks nl, n2, and n3 of 
drawin g 4 , and even if it sets up a track pitch Tp smaller than the pit width of face Pw, the same 
position error signal as the case of being larger than the pit width of face Pw is acquired. Therefore, 
even if it makes a track pitch Tp small to the limitation of the formation precision of a pit, there is an 
advantage of the ability to make the magnetic head position and follow correctly. 
[0071] [4th example of magnetic-recording medium] drawing 5 shows the 4th example of the 
magnetic-recording medium of this invention. This magnetic disk is equivalent to what connected 
mutually six pit 44 comrades and six magnetic signal field 45 comrades which specify each data 
tracks of the 3rd example, and which were located in a line in the direction of data tracks (drawing 
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longitudinal direction), respectively. 

[0072] As long as the pit edge to which the pit of six trains of the 3rd example meets in the direction 
of a truck is linear, what kind of configuration is sufficient as the edge which meets crosswise 
[ truck ]. In consideration of this point, this magnetic disk connects the pits of each train in the 
direction of a truck, and forms the single pit 54 in the information field 53 for follow-up control. 
Corresponding to it, the magnetic signal field of each train is also connected in the direction of a 
truck, and is the single magnetic signal field 55. Therefore, the magnetic signal field 55 is distributed 
over the whole field between the adjoining pits 54. 

[0073] With this magnetic disk, since it is not necessary to detect the location of the pit of each train 
and can write in in the direction of a truck uniformly by the almost same width of face as a pit 54 
like the 1st - the 3rd example in the case of the writing of the burst signal pattern to the magnetic 
signal field 55, there is an advantage that formation of the magnetic signal field 55 is easy. 
[0074] [5th example of magnetic-recording medium] drawing 7 shows the 5th example of the 
magnetic-recording medium of this invention. This magnetic disk forms in the information field 63 
for follow-up control the pit 64 where data-tracks lay length changes according to the location of 
data tracks, and forms the magnetic signal field 65 in that perimeter. As shovm in drawing 7 (a), a 
flat-surface configuration is a right angled triangle, and the pit 64 is formed the direction of data 
tracks, and crosswise [ data-tracks ] at parallel in two sides whose right angles are pinched, 
respectively. A pit 64 contacts the one top-most vertices crosswise [ data-tracks ] at the top-most 
vertices of a right angle, and are arranged. [ two or more ] The magnetic signal field 65 has extended 
crosswise [ data-tracks ] by width of face fixed around the train of these pits 64. 
[0075] On n No. 1 data tracks, the die length of a pit 64 is LI, and it is L2 on n No. 2 data tracks, and 
is L3 on n No. 3 data tracks. Therefore, in case the magnetic head passes through n No. 1 data-tracks 
top, the die length of a pit 64 recognizes it to be LI . Similarly, in case it passes through n2 No. and n 
No. 3 data-tracks top, it is recognized as L2 and L3, respectively. 

[0076] Since the magnetic disk is carrying out fixed-speed rotation, as it is shown in drawing 7 R> 7 
(b), the pass time on t2 and n No. 3 truck is set to t3 by the pass time on tl and n No. 2 truck, and the 
pit pass time on n No. 1 truck becomes short in order according to the die length of a pit 64. This 
change is linearity and it depends for that rate of change on whenever [ tilt-angle / of the oblique side 
part of a pit 64 ]. Then, if these pass time is detected and the position error signal wave form 
according to it is acquired, the magnetic head can be positioned on the data tracks of arbitration, and 
the data tracks concerned can be made to follow. 

[0077] They are trucks nl, n2, and n3 to the limitation of the time resolution of a signal which shows 
that pass time in this example since the position error of the magnetic head is detected based on the 
die length of a pit 64, i.e., change of pass time... It becomes possible to narrow spacing. 
[0078] [1st example of magnetic recording medium] drawing 8 shows typically the 1st example of 
the magnetic recording medium of this invention. The magnetic disks 71a, 71b, 71c, and 7 Id of this 
invention of four sheets are set, and this magnetic recording medium comes to carry out spacing a 
laminating and immobilization at a spindle 76, as shown in drawing 8 (a). Components other than 
these, i.e., a rotation means to rotate a spindle 76, The magnetic head data logging / for playback 
countered and prepared in each each magnetic disks [ 71a, 71b, 71c, and 71 d ] data surface, A 
magnetic-head migration means to make move the magnetic head to radial [ each magnetic disks / 
71a, 71b, 71c, and 71d ], and to position on predetermined data tracks, The record signal which 
records data on each magnetic disks 71a, 71b, 71c, and 7 Id, Since the conventional thing can be 
used, casing which holds the record / regenerative-signal processors which process the regenerative 
signal which reproduces the data currently recorded on each magnetic disks 71a, 71b, 71c, and 7 Id, 
and these elements is omitted here. 

[0079] The positioning marks 72a, 72b, 72c, and 72d are formed in the each magnetic disks [71a, 
71b, 71c, and 71 d ] front face, respectively. The same location has these marks 72a, 72b, 72c, and 
72d to an each magnetic disks [ 71a, 71b, 71c, and 71 d ] core. Marks 72a, 72b, 72c, and 72d are pits 
with the flat-surface configuration of a L character mold as each shows to drawing 8 (b), and the 
edge 73 of the direction of data tracks and the edge 74 of the data-tracks cross direction lie at right 
angles mutually. The edge 74 of an edge 73 is parallel to the data-tracks cross direction in the 
direction of data tracks respectively. 
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[0080] When magnetic disks 71a, 71b, 71c, and 71 d are fixed to a spindle 76, Since a pit like the 
magnetic disk of the 1st - the 5th example which were mentioned above is beforehand formed in the 
each magnetic disks [ 71a, 71b, 71c, and 71 d ] servo information field. It is easy to produce the 
problem of the "phase shift" neither the problem of the "eccentricity" whose core of data tracks does 
not correspond the magnetic disks 71a, 71b, and 71c and between 7 Id, nor whose rotational phase 
corresponds. [ by which the laminating was carried out ] However, if it fixes supervising Marks 72a, 
72b, 72c, and 72d using a microscope 75 since the direction of a truck and truck cross direction are 
specified by the positioning marks 72a, 72b, 72c, and 72d so that those edges 73 and 74 may be 
mutually in agreement, the above-mentioned problem will be solved, 

[0081] Positioning marks [ 72a, 72b 72c, and 72d ] a configuration, a number, etc. can be changed 
into arbitration if the above-mentioned problem at the time of inclusion of a magnetic disk is 
solvable. 

[0082] [2nd example of magnetic disk drive] drawing 9 shows typically the 2nd example of the 
magnetic recording medium of this invention. This magnetic recording medium does not form a 
positioning mark like the 1st example in a magnetic disk, but replaces it with it, and a means to 
amend the above-mentioned eccentricity and the problem of a phase shift is established separately 
from a magnetic disk. 

[0083] As for this magnetic recording medium, the magnetic disks 81a, 81b, 81c, and 8 Id of this 
invention of four sheets are set, and come to carry out spacing a laminating and immobilization at a 
spindle 86. [ as well as the magnetic recording medium of the 1st example ] Each each magnetic 
disks [ 81a, 81b, 81c, and 8 Id ] data surface is countered, and the magnetic heads 82a, 82b, 82c, and 
82d data logging / for playback are formed, respectively. In order to make magnetic heads [ 82a, 
82b, 82c, and 82d ] supporter material carry out minute migration of the magnetic heads 82a, 82b, 
82c, and 82d, the jogging actuators 83a, 83b, 83c, and 83d which consist of a piezoresistive element 
etc. are formed in it, respectively. It is moved in one by the coarse adjustment actuator 84 which 
consists of a voice coil motor etc., and the magnetic heads 82a, 82b, 82c, and 82d are accessed on 
magnetic disks [ 81a, 81b, 81c, and 81d ] predetermined data tracks. Other configurations are the 
same as the 1st example of drawin g 8 . 

[0084] In this example, whether the servo track recorded on each magnetic disks 81a, 81b, 81c, and 
8 Id carries out eccentricity mutually, and is being fixed or the rotational phase shift exists according 
to the fault of immobilization, the jogging actuators 83a, 83b, 83c, and 83d can amend for every 
magnetic head. 

[0085] [1st example of process of magnetic recording medium] drawing 10 R> 0 and drawing 12 
show the 1st example of the process of the magnetic recording medium of this invention. As shown 
in drawing 10 , the magnetic film F for data logging is first formed on the substrate S for magnetic 
disks by the conventional approach (step SI). On the other hand, a laser beam is irradiated at the 
base material which applied the photoresist, and after performing pattern cutting so that the pit of the 
pattern of drawing 2 , drawing 3 , or drawing 4 may be obtained, this base material is developed and 
etched. In this way, the mask for pit formation with a predetermined pit pattern is produced with said 
base material (step S2). 

[0086] Next, after applying a photoresist on said magnetic film F, it exposes using said mask. If said 
magnetic film F is etched by the usual approach after developing a photoresist, the magnetic disk 
with which said pit pattem was imprinted by the magnetic film F will be obtained (step S3). Then, a 
photoresist is removed fi-om a magnetic film F. 

[0087] After manufacturing the substrate S which has the same pit pattem, you may make it form a 
magnetic film F on it here, although the pit pattem is imprinted to the magnetic film F at steps Sl- 
S3, 

[0088] In this way, the laminating of the obtained magnetic disk with a pit pattem is carried out to a 
spindle like drawing 8 , and it is assembled with the magnetic head etc. (step S4). 
[0089] Next, the data of the whole surface of said magnetic film F are eliminated by direct-current 
(DC) method of elimination by the magnetic head for servo information writing fi*om the exterior of 
a magnetic disk drive (step S5). Then, using data logging / magnetic head for playback of a magnetic 
disk drive, the pattem of a burst signal is magnetically written in a magnetic film F on the basis of 
the pit of the information field for a synchronization, and a magnetic signal field is formed. In this 
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way, the writing of servo information is completed (step S6). 

[0090] It is as follows when the above process is explained to a detail using drawing 12 . Here, the 
case where the magnetic disk (it has drawing 1 and the pit pattern of drawing 2 ) of the 1st example 
mentioned above is used is described. 

[0091] At step S3, each servo information field 10 of the magnetic film which had drawing 1 and the 
pit pattern of drawin g 2 imprinted has become like drawing 12 (a). That is, the pit 14 is recorded for 
the slot 1 8 where the slot 1 7 which records the information for a synchronization on the information 
field 11 for a synchronization records the information for the addresses on the information field 12 
for the addresses on the information field 13 for follow-up control, respectively. 
[0092] The magnetic film is eliminated by direct-current method of elimination over the whole 
surface by the magnetic head 90 for servo information writing in which the magnetic disk assembled 
by the spindle with the magnetic head etc. by step S4 has the width of recording track with width of 
face wider than the pitch of data tracks in an one direction (in the direction of data tracks). Since a 
magnetic film is uniformly magnetized by this step, the magnetization condition of the direction of a 
truck at this time has become like drav^ng 12 (b). In drawing 12 (b), 91 shows the magnetic flux 
produced fi-om the magnetic film F. 

[0093] By detecting magnetic flux 91, the edge section of the slot 17 of the information field 11 for a 
synchronization can be recognized by the magnetic head 90 for writing. Then, since it turns out that 
the pit 14 of the information field 13 for follow-up control exists in the location which only distance 
LI 1 left on the basis of this location A, and the location where only distance L12 separated fi'om 
there further, a burst signal is magnetically written in the part which only distance LI 1 and distance 
LI 2 separated from the location A by the predetermined pattern, respectively. In this way, the 
magnetic signal field 15 which has the pattem shown in drawing 1 and dravsdn g 2 between each pit 
14 of the information field 13 for follow-up control is formed. 

[0094] When the information for a synchronization or address information is recorded magnetically, 
those information is also recorded on the magnetic signal field 15 and coincidence, without forming 
slots 1 7 and 1 8 in the magnetic film F beforehand. 

[0095] [2nd example of process of magnetic recording medium] drawing 1 1 R> 1 shows the 2nd 
example of the process of the magnetic recording medium of this invention. Although the pit pattem 
is imprinted in the process of the 1st example of drav^ng 10 to the magnetic film F formed on the 
substrate, after imprinting a pit pattem to a substrate, a magnetic film F is formed on that substrate 
like an optical disk by this process. 

[0096] First, a pit pattem is imprinted fi'om the mask which formed the substrate S of a magnetic 
disk (step SI'), and was formed in the substrate S by step S2* (step S3'). Thereby, a pit as shown in 
the fi-ont face of Substrate S at drawing 1 (b) or drawing 1 (c) is formed. Then, a magnetic film F is 
formed in the field in which the pit of Substrate S is formed (step S4'). Thereby, the pit pattern 

reflecting the pit of Substrate S is formed in a magnetic film F, 

[0097] You may make it form a magnetic film F on it here, after manufacturing the substrate S 
which has the same pit pattem although the pit pattem is imprinted to Substrate S by step SI' - S3', 
without passing through an imprint process. 

[0098] Next, the magnetic disk with a pit pattem obtained in this way is assembled (step S5'), and 
DC elimination (step S6') of the whole surface of a magnetic film F and the writing (step S7*) of 
servo information are performed after **. These processes are the same as the case of the 1st 
example of drawing 10 . 

[0099] [3rd example of process of magnetic recording medium] drawing 13 R> 3, drawing 15 , and 
drawin g 16 show the 3rd example of the process of the magnetic recording medium of this invention. 
The process which forms the magnetic film F for data logging on the substrate S for magnetic disks 
as shown in drawing 13 (step SI 1), The process which produces the mask for pit formation with a 
predetermined pit pattem (step SI 2), The process (step SI 3) which obtains the magnetic film with 
which the pit pattem was imprinted, and the process (step S14) which assembles the magnetic disk 
with a pit pattem obtained in this way are the same as the case of the 1 st example of drawing 10 . 
[0100] After manufacturing the substrate S which has the same pit pattem, you may make it form a 
magnetic film F on it also here, although the pit pattem is imprinted to the magnetic film F at steps 
S11-S13. 
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[0101] In this 3rd example, the process (step S6* of step S5 of drawing 10 and drawing 1 1 ) which 
eUminates the data of the whole surface of said magnetic film F by direct-current method of 
ehmination does not exist. Immediately, the magnetic head for servo information writing is used for 
the magnetic film F of the assembled magnetic disk, and a burst signal is magnetically written in it 
by the predetermined pattern (step SI 5). 

[0102] This approach is applied to the magnetic disk (refer to drawing 5 ) of the 4th example. With 
this magnetic disk, as shown in drawing 1515 , beforehand, the information for a synchronization is 
recorded on the information field 51 for servo information field 50 synchronization by the slot 57, 
the information for the addresses is recorded on the information field 52 for the addresses by the slot 
58, and the information for follow-up control is recorded on the information field 53 for follow-up 
control by the pit 54. At step SI 5, it is made to run the magnetic head 92 for servo information 
writing with the width of recording track with width of face wider than a track pitch in the direction 
of a truck, a burst signal is written in by the predetermined pattern all over a magnetic film F, and the 
magnetic signal field 55 is formed. 

[0103] In this process, there is an advantage with the strict unnecessary time management at the time 
of burst signal writing like the process of the 1st example and the 2nd example. 
[0104] Like drawing 15 , transit of the magnetic head 93 for record/playback on n No. 1 data tracks 
observes a series of electrical signals including the information 94 for a synchronization, the 
information 95 for the addresses, and the information 96 and 97 for follow-up control like drawin g 
16 . It is possible to make 93 position and follow on magnetic-head the data tracks of No.nl using 
the information 96 and 97 for follow-up control. 

[0105] [4th example of process of magnetic recording medium] drawing 14 R> 4 shows the 4th 
example of the process of the magnetic recording medium of this invention. Like the 2nd example of 
drawing 1 1 , this example forms a magnetic film F on that substrate, after imprinting a pit pattern to 
a substrate. 

[0106] First, a pit pattem is imprinted fi-om the mask which formed the substrate S of a magnetic 
disk (step SIT), and was formed in the substrate S by step SI 2' (step SI 3*)- Thereby, a pit as shown 
in the fi-ont face of Substrate S at drawing 1 (b) or drawing 1 (c) is formed. Then, a magnetic film F 
is formed in the field in which the pit of Substrate S is formed (step S14'). Thereby, the pit pattem 
reflecting the pit of Substrate S is formed in a magnetic film F. 

[0107] You may make it form a magnetic film F on it also here, after manufacturing the substrate S 
which has the same pit pattem although the pit pattem is imprinted to Substrate S by step Sir-S13', 
without passing through an imprint process. 

[0108] Next, the magnetic disk with a pit pattem obtained in this way is assembled (step SI 5'), and 
the writing (step SI 6*) of servo information is immediately performed after **. These processes are 
the same as the case of the 1st example of drawing 10 . 

[0109] In the process of the 1st - the 4th example mentioned above, after imprinting the pattem of 
the pit used as a nonmagnetic field to the magnetic film and substrate of a magnetic disk, the 
magnetic disk with which predetermined servo information was written in has been obtained by 
recording servo information on the magnetic film magnetically. It stops for this reason, producing 
the problem by vibration of the mechanical configuration at the time of writing in servo information 
like before etc, at all. 
[0110] 

[Effect of the Invention] According to the magnetic-recording medium of this invention, servo 
information can be written in in a precision higher than before. 

[0111] According to the magnetic recording medium of this invention, and its process, the magnetic 
recording medium with which the truck flattery precision of the magnetic head has been improved is 
obtained. For this reason, recording density can be improved further. 
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[0 0 5 9] 0 3(Dn#7^— 3^ h ^ y ^^©^•'ij'^ 1 6 
tt, =FBttfce®Sn/t, ^1^23 a:feJ:CXm23?»I2 

3 bC0?Kmm-^®^2 5(Z>±-raa:^y>?2 5 aJZ<toT 
^3£$n^. IKD^-^. m3^J2 3 c:feci:lX^4^J2 3 

-rnr^^^nxy^^^m^it.. ^im2 3 a*5irx^2 20 

m2 3h(Om,^m^fm.2 ^3^J2 3C*5 

J: (tf m 4 2?»J 2 3 d ® a^m^®*^ 2 5 $«efflrn« J: 

[0 0 6 0] zi<D^^\z. f^2mmmo>^%^^7.^'v 

^1^2 3 a:feJ:tXm2^2 3 b, ^^l^J^^S^J 
2 3 c^J:I^|g4^J2 3dcr)fiS^@^M^2 5&3^U 

[0 0 6 11 z,(Dmmjy'^7.^'vn. m%m^w^2 5 

.Sfcti3 5 \Z^^X^mt^m^Wm2 1 aS/ctt2 7 
bjQ^^^n^. ifitJg2 7 a:feJ:t^2 7 bttl'i'rnt)&i^ ^ 

1 6Jt(CiESI»C(tgUXVinim@^Mm^H0$^ 
b, «^^^'y F^C^^x-^'h^^y i^*g;5-rRl terns ^, ^ 

[0 0 6 2] z.ay&kmj^f^'^^xn. mmM^m.i$L2 5 

35:t>Tt)J:Vi. JKOS-^, KMm^M«2 545io:3 5 
JrJ:oT, 2t?<0fee!^^fi|^t^J^2 7 a;feJ:lX2 7 b 40 
tmmz.%htl^. ^m2 ? a:feit;J2 7 h\t. h^y 

j^fcTy^^Tpo (1/4) fentstiizteffid^rnri^* 

0 ^^^t/i < T J: t ^ jpiJ^T^tSfeU^, 
[0 0 6 3] iSLnmmm^mm2 7 b (2 7 a) tt, fi[ 

mmmm'^'^m 27a (27b) ons^tt^fsffl t vx 

[0 0 6 4] [a^iB^^^<D^3^ig0U] 04(^. d 



4^@BV7-6 5 3 6 3 

<?^%^oflB^i[£@jHI^<D^3^0i|$^^. ::a)SS^5^ 

-fXi^-e«, iit^^l^ffl1fffi^i^4 3»C, ^l^JS^^O 

-Dm 1 ^j-^ 6^<7)e-/ h 4 4:ti^zm^m^m^4 5 
fcr^5^Tp<z) (1/2) Tft^. RSJ-rs^^pijiDfcry h 

i^e-/5^Tp© (1/6) >t*ttSl'Wr*rnTU<5. 04 
tfJ^. ^12^J43a, l|23?U43b. ||3^43ci5J: 
I/^4 5y4 3 d©t:y h4 4i5j;tfflt^m^««4 SCO 
**t|i*^nT^r)> ^5a?»Ji3iI^^6 3?llOtr-y h4 4:fe 

[0 0 6 5] H4C0n 1#7^— 5^ h^^^/^S^iO+'L^ 1 6 

<7>&@», ^ 1 ^4 3 a <Dmm,m^mm4 5 (Dji^x^y 
>?4 5 a. iif^4^4 3 d<Dmm.mnm^4 sor^aox-/ 

>^4 5 a»rcfcoT^3£;^n^. nl#x-t$^ h^yi^lC 

^UTh^y^^tr-y^^TpcD (1/6) fcntT^^cm 

TliSn2#x-^h^yi70tf^.«l 6<0tt©«, :^ 
2^J4 3 b®fia^fg^®i«4 5<D±fi5X-;i^t0^b;^ 

^ri^5^j(^ia^^^^^2 5<DTmj^yz^\z^^xm^ 

tsn^. Ti2m5'—^h^-ji7\zn\^Xh'yyif}±v^ 
TpO (1/6) ^JtT:J^J::'rtiTVi^5n 3#7^-^h 

^ 1 6 (D&Mvt. ^3n4 3c omm.mn 

m^4 5<DT<55x^j/i^«>:^^L;a:Vi^6^<DfiBt^m^ 
*g^2 SCOiMXtyi^trJzoT^^^ns, 

[0 0 6 6] n 4S^— ^ h^y^tBl^lxj^lin 5# 
cfocfct^n 6#T'-5'h^7t7i^«C'^t^T%. ZLfltmnx 

&MJi, ^ 1 ^ 4 3 a C0a^M-^«i^4 5 ©TiHX*;; 
45atm43?«43 dCDfiS^M^««4 5C!5_bfflIX5/>? 
4 5 atCcfcoT^^^nS, n4#5^-5^h^u/i57tc^ 

Vxh^y^\^y^Ti><o (1/6) ?^ttT:5&i::mT 
^.i^n 5#5'-3^ h-^-y^O^'^Oi^ (a^ii-T) OttM 
m2^4 3b<Da^L.?S:Vi«mf^^^4 50K«3 
X!yi^tS^b;^Vi||5 3^J<Z)?K^©^lid6i^2 5(Z)±(Mx 

Th^^y^tr^y^^TpCD (1/6) fcntT:&lcmTVi 
6#5^— 5^ h^!y^®4>'D'$i (a^-fr-T) CD&M 
tt, ^3^4 3 cO503^L;i^VifiB^^^^mi^4 5 0T«!I 

:siyi^ii^7Ri.ui^^fBem<Dm%mmm.2 5co±{mx 

[0 0 6 7] U>t;&^t3T, ffllM^^y Ki&n l#h^!yi^ 
±tC<fl[iS^«&bfc«ri«'&«, ^13?«I4 3aiSB43?»J4 3 

d CO try h 4 4 tfiamm^Mi^4 s<Dm.^^t>-^^mm 

mj^<fcli. n2#. n3#, n 4#, n 5# (S^-fr 
r) *3i:rXn6» (H^-&r) (D^f-^h^y^±\Z 

ffiia^j&LfcVi«frtt. i^eiic, iS^;^2-pcojfi]oey 
h 4 4 tm^^^mi&4 5 ©3a;&^^t)-&^«!ffl-rntfi 
v>. :ico<t^ic, m3mmm<Dm^y'^7s^xh. m2 
mmmizm^z. y'-^h^y^(o^m{zjBcx. 
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(8) 

13 

[0 0 6 81 z.<r>mz^nmom%^^7.!7'n\t. 

^->$, h ^ ^ 4 7a. 47 

[0 0 6 91 6 5«IOiaE^^^mJ*4 5<0-r'<T?&^«U 

^i&J^l 7 tlli;?^^^^^:^*^. iS^4 7 a, 4 7 b*5 
(1/6) fcHtSWr&ffi35«mTlri:5fc«)> 

[0 0 7 01 M^(7)^2^M«3|^<fct;21Om3^ifi0«*^ ^ 
jj^h^^/i^nl, n2, n3, ■ • • COi^lC, 

[0 0 7 11 [?KMfBikia^^<^^ 4 ^jfi«?y] 0 5 ;i 
©%93o«MiafiiiK^t^<^^4iiig««i^^*ro ^(018^5^ 

tfy ls4 4|R[±:fe*:tX6<a<^«t^m^®«4 5R±*, 

[0 0 7 21 ma^ifi^aoe^jcDifv Mt> h^-y^;^ 
3»c. ^^<3:)t!u/ hl^±*^^'yl:7:;^^6llc^^UT¥- 
5 5 Ji, Blfi^-r ^ t! y h 5 4 PNlCD^^^(^fC^^ U 
[0 0 7 31 C:<DlKia7=>f Xi^TH* «l^m^®«5 5 



^81^7-6 53 6 3 
[0 0 7 41 [a^Sa&«^#©^5|llfiffl 0714. 

^7.^\x. mmmmmmmL 6 3 1:1, 5^-3^ k ^ -y ^ 
^/ h 6 4 ^m^i^^ ^ommizm^mnmM^Q 5 'fe.Ji^^ 

UfefeOT^S* S7 (a) C^-r<t-5C> h:yh6 4 

5/ h 6 4 <DMO!>PKfc— 5£®<STrx-:5^ h ^ ^/ fe^lPJ 

[0 0 7 51 n l#5'-^h9:yi^±-C«, tf?;^6 4 
<7Dg$ttT. 1 T^D> n 2^5^-5' h^y^-tT?l41' 2 
-CfeO, n3#5^— :5^K^'y^-t'^J3;L3-^*So Ufc 

■r«»^t-Ji> t!*y h 6 4(^^$**L l-CfeS^^Sli' 
n2#:fe<J;0^n3#x-i$^h^'y^'±S® 

[0 0 7 61 m%7'-(7.i/\ti^mi^vt:\f^^f)^^^ ® 

7 (b) lc:7R-r<fcaJc:, n imh^vi7 h<D\£^jhmT& 
^^}^tl, n2Wrh^V^±(OWmmnt2. n3 
#h^yi?±CDM3S^rBmt 3t/rf0, hr!yh6 4CD:g 

^^t:3^«t:^/ h 6 4<onm^^(omi^M&^\z^^-r^. 
[0 0 7 71 e:<7)liifi0i-c». he 4(^:g$*r«ct> 

h^ yi^n 1. n 2. n 3 ■ • - fl)KRi^i>t* 
[0 0 7 81 [K^ia^^so^ 1 ^iJgM] 0 8 (t. z. 

a)^g90tiS^5'>rX>5'7 1 a. 7 1b, 7 1 c:feJ:I^7 

1 d&His^^v>Txt:>h*;v7 6jcmg • m^i^xu 
> h* 7 6 ^Htes-er^nite^a. ^mm/T^c 7si7i \ 

a. 7 1b. 7 1 c*S^tX7 1 dO^x— 

T^tt^ns5^-t5'iait/w^ffl<^a^'\^y 

y K*&lK^X-^^Xi7 7 1 a. 7 1b. 7 1ci5J^t;7 
1 &<0^^ijmzl»m-^'^xm'^<0'f-'^V'y^y^:t\z 

a, 7 1b, 7 1 c:fei:t;7 IdKT^-^S'&SBfii-r^S 
■536— 
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S^m^t. ^m^y''<7s^7 I a, 7 1b, 7 1c:fei: 

[0 0 7 9] ^afe^5^^Xi^7 1 a. 7 1b. 7 1c*5 
JZZ^T 1 d<D^®JC«. ^n^n&®9i4&'T-:5/ 7 2 
a. 7 2 b, 7 2 c:fectZ/7 2 dd^J^^^nrC'^S. 
neOT— 7 2 a, 7 2 b, 7 2 c :feitX7 2 d fi, 
^atC5^-f J^i' 7 1 a, 7 1b. 7 1 c^fei^X? 1 d© 
f*''L^(C^*L/Tl^i;&efc&S. ^— i7 7 2 a. 7 2 b. 

7 2 c:fc^r;7 2 dfi, ViTtlfeHS (b) iZ^^J^^ 

(o:h\x^\\z. X 7 4 it^^-tJ' h ^ y^mrfjM^wz^ti 

[0 0 8 0] 1KiL5^>f 7 1 a, 7 1b, 7 1 c:fe<fc 

7 1 d *x fcf > 7 6 jcH^-r-s©^. ^mm.y'^ 

7.^7 7 la, 7 1b. 7 1 c*SJ:r^7 1 d(^)i^'-4^ff^ a? 

^7^^X15^7 13. 7 1b, 7 1 c:feJ:C^7 1 dffiSK 

t'H Ud^b. {slM*^)^— i7 7 2 a, 7 2 b. 7 2c*5 
J:rX7 2 d »c:J: D-tcO h 7 i5^:^|S)t h^^/^«i:^r^t 
;&^^^$nTVi2><0T, ^mi7 S^ffiViTV— ^7 2 
a. 72b. 7 2 c:fe<ttX7 2 d&^^L;^;^«ei, -en 
^<DX-;>?7 3*5<};r;7 4*tSUi{C~3S-r-5J;^JCH^ 30 

[0 0 8 1] ta:efti?>T~^7 2 a. 7 2 b. 7 2ci5 
J: 1^7 2 d<Dj^4^^S[>i£li. fiet^T^^x^cDjaii^^o 

[0 0 8 2] [?at^5=><X!57S@C0^2^JgW 0 9 

:i<Dmm<D&im,uWi^m(Dm2^mm^m^mz7ik 
ii\twm\zm\f:f^h(D-c$>^. 

[0 0 8 3] c(QiSMiBS^is(^. mimim<om^^ 
mmntmrnz. 4tt<^c:©s5?g<z)at^7^><^x5^8 1 

a. 8 1b, 8 1 c^^X^B 1 d^mm^^^^XX\:^> 
7.i7Sla, 8 1b, 8 I c^^ZSS 1 ^(D^y'—^m 

\zn^^Lx. y'-^t&&t/m±m<Dm^^y h 8 2 a. 

8 2 b. 8 2 c:fej:r^8 2 d;&«-€■n•€'ns:^tsnTv> 

-6. et^^»y K8 2 a. 8 2 b. 82c^cfctX82dO 

^tftes^tctt. -en^n, agc^-^ h 8 2 a. 8 2 b. 50 

—537- 



1$§i^7-6 5 3 6 3 

8 2 c:fci:;:^8 2 d^rfiS/hs^a^iiSfcae), hTX^fi^ 
3S5T3^i:3&>^ft:5fSS6Ti^^iLX-i5'8 3 a. 8 3 b. 

8 3 c*5j;tir8 3 dti^^ti^timfi^tixi^^. mm,^ 

yF82a. 8 2 b, 8 2 c :fecfcI/8 2 d Ji, jH-T X3 

-*^ft«)f:i5gHr$n, «^5r>f Xi^8 la. 8 1b. 8 1 
c^^ZS8 1 d(Dfi)f^<D7^-:$^h^u/^±J::T^^'feX$ 
tl^. -e(^teO«l^«. 0 8<7>^l^lfi0gi:I^t;-Cfe 

[0 0 84] :L(Dmt&mx\t. «^a5^-fXi7 8 1 a. 
8 1b. 8 1 c43J:r/8 1 dlciaSi^nfcD— zj^h^!^ 

^^X— 5^8 3 a. 8 3 b. 8 3 c ^<kr^8 3 dlCkO 

[0 0 8 5] mm,n&mmm(o^^(D$^ i ^jsot a i 
inffiws^-r- 01 otc^Tct-pic, ^r. €£5f£;&3* 

h^m^vtcmmzu-^yt^mmv. 02. 03^^ 

ttS 4 © A 3^ - t? y h e n^ct 5 >;^7 
>^-r^. ::oVXs ta^^mz^o. m^(o\^yb' 
:/s2) . 

^^nrcimm.y'^ :^^7im^n^ (x5=-y:/s3) . -e 

[0 0 8 7] dilTfJJ, X7^':/yS 1 3-Caiil^F 
[0 0 8 8] C^bX^^nJttfy h 

tEtix. mm.^y i^fsi^tmzt^^iLx^ti^ (x^^^ 

yS4) . 

[0 0 8 9] ^t-, et^5^><X^g©onSCJ:0, -9— 

(DC) fB3c^Tf?8^-rs i.T.y^y'f 
S5) o -ew^, «^5'-i'X^^S05^-^'e®/M± 

[0 0 9 0] £^±©Xg^01 2«:^V>TPa5»Cta^-r 
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[0 0 9 1] T.'rv:/^^^^ m\^^Tm2<D\±yY 
. n^->^u^^nitm^(o^^-i^^mmm i o 

\t. 012 (a) <Oi;5lC&rDTlfiS. "T^to-fe* 
K UX^It^^^ 1 2 tear H I/Xll1f^SrS^-r^» 

1 8 ifi. mtunm^um.'i^^ 1 3 \z\t\i^:^ v 1 4*«^n 

[0 0 9 2) X5^>>:/S4T?Xlf >H;W'«^-^!y 

^ CD tr y ^i; 0 t><S®/£ h'y y ^ ig^r^-iiJl^— ^1t^ 
§52ti^lB(0«fei'\^/ 9 0 J: 0 , 
t>ti o X— (7=— h ^ ;^i^i«c) Ei^S^^a^i* 

$nscD-e, c<oi^(Dh^yi^^inj©iS{i;«^ttsi 2 

(b) CQ<k5Jc:3&:oTVi^. 012 (b) iriSlfiT, 9 
[0 0 9 3] WM^ \^i^^-r^ZLli\ZX^. miL^^ 

iptbxieiiLl iimmitMn^. ^^its^^^^v:: 
ifefgL 1 2fcttStnfc(ig(h«c3i«^^lW^if^®^i 3 

rar::. 01 *5 jcc^ig 2 j;i^*r/^5^— >*J#^?K^^i-^ 

[0 0 9 41 W&m^\Z^^m\ 7:fe<tr^l 83&«J^*KS 

[0 0 9 5] mmMm&m(o^m(o^ 2 ^js0i] isd 1 

To 0 1 0 iiijSfi0?6os^T?». ^«±ic?^^an 
fc4ati^F try K >'*fe^U'c^i^*^ 

[0 0 9 6] ±-r> fiS^T^^/J^^^^OS^SSTj^^b CX 
5^5?:/Sl') . ^(Z)S=KSt:X'x*y::^S2' TJ^i^U 

3 - ) . eint'-tD. 3l«s©^®lcHl (b) ^fcia: 
01 (c) ir^-Tia/cCtr^y -e<z>^. 

iSLS<0\iv V " /^^ — yifif^^t^^tl 

[0 0 9 7] ri^l-VM. T.T-V^S 1 ' 3' 



^B|S|t7-6 5 3 6 3 

JS 

^ z: < ^© Jitc«i4J^F ^j^^t^ J: ^ ic UT t><i: 

[0 0 9 8] CpUT#^nfct!y h • A3^-> 

##<Dffi^5'-< X^^Sr&^S^itT (X-5"';/yS5' ) 
Ki4|g|F0!>^ffi<Z>DCi8* <X5^5^:/S6' ) . IJ- 

em^c^xstJ. 01 oomi^Jfi«a!<z)«atPi;T& 

[0099] <^$ijfe®m 3 0 1 

3,015 :^^Xm 1 6 ;iCOS5l«®«5teSil««> 

m^om 3 ^ffi«^^^To 013 tc^-r <j; 5 jc> a^^^ 

>r x^7^<D^® s_hic:5^-:$'SaS^Jl<^iafrl^^F i&J^^f 

^TM (x5^5/:/s 1 1) . mj^iofcr h • /t^^— 

^•Dtf hJ^^ffiVXil^Srf^SfrSXe <X^y:/S 1 

2) , bT y h • /^^->*^^$nfcmtK=£^sxs 
(X5"!y>^si 3) , ^XXS. c:^UT^6tirctfy h 

^^/•S 1 4) tt, 01 0©^1^2ffi««©«^t!^C'r* 

[0 10 0] ncTfe. xx;/:/si 1-si z-vws^ 
[0 10 1] ^<D'^zmMm^\t. meM^Wk^<o±m 

(D'r-^^mmM^'^'r:m^-^^:£M (01 0<ox^!y 
:/S5t01 lC!)X5=-t/:/S6' ) J&iiMEUi'i^i. 

^^->TSatSlWt:§#».tr (X7^!y>^si 5) o 
CO 1 0 23 ClCD^Sli. m4gijfi«yoiKmxw^xi^ 
C0 5#fis) {cjgffi^ns, doaia^^^x^'Ttt, 0 

^m^5 1 tcttISS 7lc<i:DN»I)«1ia*^ia^^ti. T 
H UXffilf ««« 5 2 \Z\m 5 8 ^ 0 r H WXfflWIfi 

n, ^mmmmmnmwL 5 3 teat! h 5 4 re 

U— 3j?1f 5^ H 9 2 h ^ ^ 

Hs.ff^'^^ issitiKF©:^eijcA— xh«^*m^/^^- 

>T«#a?.^. at^m^mJ^5 S^i^^S- 

[0 10 3] z,ay^m^\x. 'mi^^m^^xs^m2^ 

[0 104] ^IS0>^^\Z. n 1#7^— 3^ h^yi^i 
V H 9 3 m^fr-t^ ^> 0 1 6 O 

so^n^, ji^^!Sffiit^9 6*5.i;r;f9 7tc<fco. am 
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[0105] m%umimm<on^<om 4 m^mi m i 

CO 1 0 61 ^r. mm.'f>f7.i7a:>^iSLs^mi^\^ u 
7^y:/s 1 1 ' ) . ^coSKstc;;^7^y:/s i 2' 

:/si 3' ) . c:nirj;o, Stesco^mciai (b) lo 
*:fctt0i (c) \zm-r^oU}±^jVifimfSL^n^. ^ 

[0 1 0 71 HClTfe, X7^^/:/S 1 1 • —S 1 3* T 

t < -eoitrfflHSKF SJ^j^i" -5 ^ IC UT 

[ai0 8l:^(c. c-DbT^^n/iit^-v h • > 
ft^cofi^^5^^X^^*&i5^&T U7^5?ys 1 5' ) 
^, la^tc-y— 2l^<f«©S#2,^^ (XT^-yr/S 16*) 

[0 1 0 91 l5jdiL:rcmi~^4©|^]B6«^(7)SSjifcTtt, 
[0 1 1 01 

i^m<o^m z:<on^<omm.^mmz^n\t. ^ 

CO 1 1 11 e:tD%ggcoiKfi^^^@i5i:tir:eco^^{c 
[]sr^(7)fs^}^8ttii^i ^ 

[011 (a) «Cl<D^5^<3DiS^i2&^fr<^mi|^JS0g 
Oit— 3}efi|^®^co«I^Sr^-rSI^¥®a, (b) 

(c) tt-e<z>eB5^»fffiiaTf*s. 

[021 mi <om§x^f^mi/^^(ommm&L^7rrrw^mm'-c 

[0 31 z.<D^m<r>m^mm.im'<r>^2^mm(K>-^'-if^ 
[0 51 zi<K>nm<D^%^mim^<o^AmAm(0'^—^^ so 

—539- 



i|#gg^7-6 5 3 6 3 

20 

[0 6 1 o^g^ofisae® j»flc<z)^ft:«i^^^-r¥® 

[0 7] (a) J^(l(D^?«(Ofi5m^^^^f:0[)|l5^J6#y 

(^•tf-3j?it^®4g^©#ifig$^-rsi«J¥®0. (b) tt-e 
[0 81 (a) \t.im.<ommMBm^^mmt^i^^\z 

SSr^-r^«0, <b) tte»^E»*s<|:nj^«$ns 
[0 9] mLO>m^tsM%^^mm't^^^\z^\^x^ 

«0T&S. 

[0101 ^co^q^oiB^sojiiaiff^o&^om 1 ^mm 

[0111 z.(D^m<Dm^^mm(o!^m<K>m2m:mm 

[0121 (a) \%zi(o^m<K>mmsmm<x>mm(^^ 
i^^xsm2m^m\z^^wtzn^mmMmfim^<D^ 

fe*^*rS29g0T*S. 
[0131 3:(D^^(DlK^f20(^^om^(O^3|^llS^ 

[0141 Jico%^©fiat^f2»«i^<DSj*om4^jsf^ 

[0151 rcD^i^(Dffi^^jy|f$:0DS!«g(7:)S63:&J:CJC 

[016] :z(K>^m(omm.imm.¥f^iDnm<Dmz^^xf- 
mAmmm\z^r^m^^t\^m%^m^^(D^-if>mn 

[01 71 ^(om^y"^ 7.^mm\z^\^^Xs mcv"- 

^ h^vi^<On#ir^^t (n + x) #iri?^T<DH^ 
&@€Q^^^'rif£^0T£2. 

[^gp^osagg] 

1 mm.y'^T.^ 

F SSH^ 

S WSL 

2 x-rJ^-fe^iJ^ 

3 ajf-lri^^ 

4 nST^— ^h^y^ 

5 (n + x) S5=-i5^h^'y^ 

1 0 •*f^-^^mmm^ 

1 1 mmmmmmi^ 

12 TKWXffli^^^^ge 

1 3 mmmmmmim 

13a tf y h*5<tOTae^«©^ 1 m 
13b tr V h ;fe<t rX«a®-^m«o^ 2 

14 kf y h 
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14a tf y h <D-x— ^ h 7 !y 57 IflI<OX'> 
14b \iv :$^h^y57«l:;^lpJCDX^5? 
1 5 

15a mmM'^W^r-^ V ^ y i7:&tRl<Z)X V v 
15b b ^ i7«l:^|^®xts^i^ 

1 e'T—^V'7-/i?<r>^^U 

17.18 i8 

1 9 &SI^#^i^ 
Pw t?yh« 

Tp h^y^t^tr-/^ 

2 3 ^^^^^limM^ 
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